After Fukushima disaster in 2011, the health status of the region's residents deteriorated. We analyzed the health status, care needs, and access to health services among evacuees and non-evacuees using healthcare expenditure (for self-employed and unemployed individuals aged < 75 years) and long-term care expenditure (mainly for individuals aged ≥ 65 years). Fukushima Prefecture was divided into four areas according to their evacuation status: non-EOAs (municipalities that did not include evacuation order areas (EOAs)); EOAs/non-EOAs (municipalities that included both EOAs and non-EOAs); short-term EOAs (municipalities where the EOA designation was lifted in most areas by fiscal year (FY) 2011); and long-term EOAs (municipalities where most EOA designations remained in place until the end of FY 2015). Increases in expenditure on healthcare and long-term care per capita in short-term and long-term EOAs were greater in FY 2015 than the average values in FYs 2008-2010. The increases in expenditure were higher in shortterm and long-term EOAs than those in non-EOAs and EOAs/non-EOAs. The increases in dental health expenditure were attributed to enhanced accessibility to dental health facilities. Furthermore, the evacuations contributed to increases in healthcare and long-term care expenditure, independent of aging and improved accessibly to health facilities. Possible explanations for these increases include the poor health status of the evacuees following the evacuations, reduced availability of informal care provided by family members and neighbors, and reduced patient copayments. The findings highlight the necessity of health promotion among evacuees.
Introduction
The Great East Japan Earthquake in March 2011 and the subsequent accident at the Tokyo Electric Power Company's Fukushima Daiichi Nuclear Power Station, subsequently referred to as the Fukushima disaster, posed multiple health risks. To prevent radiation exposure, residents living within 20 km of the Fukushima Daiichi Nuclear Power Station and within 10 km of the Fukushima Daini Nuclear Power Station were forced to evacuate on March 12, 2011. Further, residents who were likely to have an additional effective dose of ≥ 20 mSv/year were also ordered to evacuate on April 22, 2011. After the lifting of evacuation orders, some people have now started returning to hometown. As of October 2015, 44,094 people (approximately 2% of the total population in Fukushima Prefecture) were evacuated from Fukushima Prefecture to other prefectures (Fukushima Prefecture 2019) . The coastal area of Miyagi Prefecture, located north of Fukushima, was disproportionally affected by the tsunami that struck after the Great East Japan Earthquake, with loss of housing, disruption of access to internal medicine, and adverse effects on daily activities of living (Tsuboya et al. 2017 ). According to previous research, community-level social capital (i.e., bonds of trust between community members, as well as norms of mutual assistance) mitigated the impact of housing damage on cognitive decline (Hikichi et al. 2018) . Following the Fukushima disaster, evacuees, especially those who had lived in evacuation order areas (EOAs), in Fukushima Prefecture were at risk of multiple health problems, including severe mental health issues such as depression and post-traumatic stress disorder (Yoshida et al. 2016) . Subsequent research highlighted the urgent need for long-term health supports for evacuees (Fukunaga and Kumakawa 2015) . Lifestyle-related diseases, such as diabetes and hyperlipidemia, emerged as major health issues in EOAs in the chronic phase after the disaster (Ebner et al. 2016; Nomura et al. 2016; Ohira et al. 2017; .
Expenditure on healthcare and long-term care is useful to investigate health status, care needs, and access to health services (Uchimura et al. 2014; Morita et al. 2016; Kent et al. 2017; Matsuyama et al. 2018) . All Japanese citizens have public health insurance, whereas long-term care insurances target elders who need care (e.g., meal assistance). Increased expenditure on healthcare and long-term care reflects changes in care needs or access to health services. In the case of the Fukushima disaster, excess weight was associated with higher healthcare costs (Kent et al. 2017) . Uchimura et al. (2014) reported a decline in long-term care expenditure for 1-5 months immediately after the Fukushima disaster and attributed this decline to upheaval (e.g., losses of their house) related to the disaster. reported that the total expenditure on long-term care services in Minamisoma City, an EOA, was 50% higher in 2014 than the pre-disaster level in 2009. They argued that reduced availability of informal care provided by younger family members might explain this rise. In terms of health insurance, Matsuyama et al. (2018) reported that the copayment exemption policy helped to increase healthcare service utilization in Miyagi Prefecture after the Great East Japan Earthquake.
No studies have systematically evaluated temporal changes in expenditure on healthcare and long-term care in pre-versus post-disaster periods. In particular, no detailed studies were performed to compare healthcare and longterm care between evacuees and non-evacuees, despite their health status difference (Ebner et al. 2016; Nomura et al. 2016; Ohira et al. 2017; Murakami et al. 2017) . Detailed investigations, including comparative analyses of expenditure on healthcare and long-term care among evacuees and non-evacuees, would enhance understanding of temporal changes post-disaster. Such studies would provide information on care needs and access to health services post-disaster, as well as differences in the needs of evacuees versus those of non-evacuees.
The objective of this study was to explore the health status, care needs and access to health services after the Fukushima disaster among evacuees and non-evacuees by examining two types of medical expenditure (i.e., healthcare and long-term care) and identifying factors associated with changes in expenditure post-disaster. This paper was prepared after an English translation and the addition of analyses, results, and discussion to an A4 one-page abstract presented at the Proceedings of the Society for Risk Analysis-Japan Annual Meeting (Hasegawa et al. 2017 ).
Methods
Insurance and care systems in Japan and the copayment exemption in affected areas after the Fukushima disaster Self-employed and unemployed individuals aged < 75 years have National Health Insurance (NHI), employed citizens aged < 75 years have employees' health insurance, and those aged ≥ 75 years have long-life medical care. In principle, insurance premiums and copayment rates (10-30%) depend on age, occupation, number of dependents, and income level. NHI is a major public health insurer run by municipal governments. It insured 32.0% of individuals aged < 75 years in fiscal year (FY) 2015 (Ministry of Health, Labour and Welfare 2018c). In this study, the FY was from April to March, unless indicated otherwise.
Long-term care insurance, also run by municipal governments, targets two age groups: individuals aged 40-64 years (secondary insured subscribers) and individuals aged ≥ 65 years (primary insured subscribers). Primary insured subscribers are the main recipients of long-term care, with 17.9% of primary insured subscribers certified to receive long-term care in FY 2015 (Ministry of Health, Labour and Welfare 2018b).
As NHI and long-term care insurance are linked to the Basic Resident Register, the insurance data reflect the place the insured persons lived before the Fukushima disaster.
After the Fukushima disaster, individuals in EOAs were exempted from the copayment for NHI and long-term care insurance. Since FY 2014, high-income earners have been excluded from the exemption in areas where evacuation orders have been lifted. The present study did not include any data from other health insurers.
Data
We analyzed freely available public data provided by the Ministry of Health, Labour and Welfare (2018a, b, c, d, e, f) (2019) . The data included the following: expenditure on healthcare for NHI subscribers and long-term care for individuals aged ≥ 65 years, the population aging rate of NHI subscribers aged 65-74 years, the rate of long-term care insurance primary insured subscribers aged 75 years and older, the percentage of males, and the NHI subscriber's income per capita.
In the analysis of regional differences in expenditure on healthcare, expenditure was divided into inpatient, outpatient (including dispensing), and dentistry (Ministry of Health, Labour and Welfare, 2018a). We included expenditure data from FYs 2008-2015 and excluded FY 2010 data on long-term care because the data were incomplete. Temporal changes in expenditure each year were calculated by dividing the value by the average for FYs 2008-2010 for a comparison before and after the disaster.
Study region
The study region was Fukushima Prefecture. As the timing of lifting of EOAs differed among municipalities, the study sites were divided into four categories according to their evacuation status: nonEOAs (i.e., municipalities that did not included EOAs); EOAs/nonEOAs (i.e., municipalities including both EOAs and non-EOAs); short-term EOAs (i.e., municipalities where the EOA designation was (Fig. 1) . Non-EOAs were regarded as controls.
Analysis
We performed multiple linear regression analysis for the whole Fukushima Prefecture and three EOA categories (i.e., Fukushima Prefecture except non-EOAs) separately, as similar with Matsuyama et al. (2018) . The outcome variables were municipality-level data: changes in total health care expenditure, inpatient health care expenditure, outpatient health care expenditure, dental health care expenditure, and long-term care expenditure per capita. The outcomes were rate differences from pre-disaster (2008-2010 or 2008-2009) 
to 2015.
To assess the changes in total health care expenditure, inpatient health care expenditure, and outpatient health care expenditure, the explanatory variables in the analyses among Fukushima Prefecture were as follows: the evacuation rate in FY 2015, except three municipalities due to data availability (i.e., Naraha The evacuation rate in Date City was assumed to 0%. For dental health care expenditure, changes in the number of dentists from 2010 to average of 2014 and 2016 and changes in the number of dental clinics from 2010 to 2015 were used instead of changes in the number of doctors per capita, changes in the number of hospitals per capita, and changes in the number of clinics per capita. For long-term care expenditure, the outcome variables were the evacuation rate, changes in the rate of long-term care insurance subscribers aged 75 years or over from 2008-2009 to 2015 , and changes in the capacities (i.e., number of residents) of long-term care insurance facilities per capita from 2010 to 2015. Due to the small number of municipalities, the explanatory variables in the analyses of Fukushima Prefecture except non-EOAs. included only the following: the evacuation rate, changes in the number of doctors per capita, changes in the number of dentists per capita, changes in the capacities of long-term care insurance facilities per capita, and changes in the rate of long-term care insurance subscribers aged 75 years or over. The changes in the rate of NHI subscribers aged 65-74 years were not included due to strong correlations between changes in this variable and the evacuation rate (Pearson's coefficient of correlation: −0.89). We supposed that the change in the number of hospitals, clinics, capacities of long-term care insurance facilities, doctors, and dentists per capita reflected accessibility to health facilities. Data from questionnaire surveys and on official websites of the municipalities were used to estimate the proportion of people relocated from EOAs to other municipalities after the disaster (Hirono Town 2017; Minamisoma City 2019; Reconstruction Agency 2019). In Minamisoma City, the proportion of people relocated to other municipalities was only 7.6%, and no information was available on the relocated municipalities other than the original hometown. Thus, the values in Minamisoma City were not corrected by the values in other municipalities. The values for unspecific municipalities (i.e., "other municipalities" shown in the report due to the small proportion) in Fukushima Prefecture and outside Fukushima Prefecture followed the average values in the Fukushima prefectural and the whole of Japan, respectively. The analysis revealed low multicollinearity, with a variance inflation factor of 1.00-3.08.
IBM SPSS Statistics 25 (IBM, Armonk, NY, USA) were used for data analysis. Ethics approval was not necessary, as all the data used are freely available to the public.
Results
In terms of demographic data, there were no marked differences among the four evacuation categories in Fukushima Prefecture (Fig. 2) . The rates of NHI subscribers aged 65-74 years in non-EOAs and EOAs/non-EOAs increased slightly from FY 2008 to FY 2015, but the overall increase in short-term and long-term EOAs was small ( Fig.   2A) . Changes in the rate of long-term care insurance subscribers aged 75 years or over and in the percentage of males were similar in the four evacuation categories (Fig.  2B, C) . NHI subscribers' incomes per capita decreased, especially in FY 2012 but recovered by 2015 FY (Fig. 2D) .
We compared changes in expenditure on healthcare and long-term care per capita in all years (Fig. 3) and the FY 2015 (Table 1) with the average for FYs 2008-2010. There were marked increases in expenditure on both total healthcare and long-term care after the Fukushima disaster in both short-term and long-term EOAs (Fig. 3A, E Expenditure on outpatient healthcare increased steadily in all four evacuation categories (Fig. 3C) . Before FY 2015, expenditure on inpatient healthcare in short-term EOAs did not change greatly, but it increased by 35.3% in FY 2015 (Fig. 3B) . In FY 2011, expenditure on dental care increased by 95.3% and 120.7% in short-term and longterm EOAs, respectively, and then gradually decreased to +28.7% and +62.8%, respectively (Fig. 3D) . Expenditure on long-term care in both short-term and long-term EOAs increased until FY 2013 and then stabilized (short-term EOAs, +47.4%; long-term EOAs, +62.5%; Fig. 3E ). The multiple linear regression analyses of data from the whole of Fukushima Prefecture showed significant positive associations between the evacuation rate and expenditure, except for inpatient expenditure (P < 0.001) ( Table 2 ). The rates of NHI subscribers aged 65-74 years showed a significant positive association with total healthcare expenditure and outpatient healthcare expenditure (P < 0.05). The number of dentists per capita was significantly and positively associated with dental healthcare expenditure (P < 0.05). The change in the rate of long-term care insurance subscribers aged 75 years and older displayed a significant positive association with the change in long-term care expenditure (P < 0.001), whereas the change in the capacities of long-term care insurance facilities showed a significantly negative association (P < 0.05).
As shown by the multiple linear regression analyses of the data for Fukushima Prefecture except non-EOAs, the evacuation rate was significantly and positively associated with total healthcare expenditure, outpatient healthcare expenditure, dental healthcare expenditure, and long-term care expenditure per capita (P < 0.05) ( Table 3 ). The number of dentists showed a borderline significant positive association with dental healthcare expenditure (P = 0.06). The change in the rate of long-term care insurance subscribers aged 75 years or over showed a borderline significant positive association with long-term care expenditure (P = 0.08). 
Discussion
Overall, expenditure on both healthcare and long-term care increased in both short-term and long-term EOAs after the Fukushima disaster, and the rate of increase in expenditure was higher in short-term and long-term EOAs than in non-EOAs and EOAs/non-EOAs. There were differences in the patterns of temporal change among the healthcare types.
The multiple regression analyses of data from the whole of Fukushima Prefecture and Fukushima Prefecture except non-EOAs revealed that evacuation showed a significant positive association with healthcare and longterm care expenditure, except inpatient healthcare expenditure. The results, adjusted for aging indicators (i.e., the rate of NHI subscribers aged 65-74 years or the rate of long-term care insurance subscribers aged 75 years or older), indicated that the increases in healthcare and longterm care expenditure were not attributable only to aging but also evacuation. Although the number of dentists was positively related to dental health care expenditure, healthcare expenditure was not significantly associated with accessibility to health facilities (e.g., the numbers of doctors, hospitals, and clinics per capita). The observed increases in dental health expenditure could be attributed to the ease of accessibility to dental health facilities. There are geographical and economical barriers to access to dental healthcare facilities in Japan (Hamano et al. 2017; Nishide et al. 2017) . Given the exemption from the copayment and improved accessibility to health facilities, it is reasonable to speculate that both the number of dentists and the evacuation rate were related to dental healthcare expenditure. In contrast, expenditure on other types of healthcare might not necessarily be related to accessibility.
Regarding long-term care in the whole of Fukushima Prefecture, the large capacities of long-term care insurance facilities were associated with decreases in long-term care expenditure. One possible explanation for this finding was that improved access to long-term care insurance facilities improved cost performances.
As discussed earlier, the increases in healthcare and long-term care expenditure were significant among evacuees, independent of accessibility to healthcare facilities. This finding may be explained by the exemption from the healthcare copayment and long-term care expenditure by evacuees improving adherence to medication instructions (Maciejewski et al. 2010; Choudhry et al. 2011; Campbell et al. 2014) . In particular, expenditure on dental care increased dramatically after the disaster, followed by decreases in expenditure in short-term and longterm EOAs. This was most likely attributable to the copayment exemption for evacuees. As the health status of the evacuees worsened after the disaster (Ebner et al. 2016; Nomura et al. 2016; Ohira et al. 2017; Murakami et al. 2017) , the increases in expenditure in both short-term and long-term EOAs may also be attributable to the poor health status of the evacuees. In addition, the increases in expenditure on long-term care might be attributable to reduced availability of informal care provided by younger family members and neighbors following evacuation .
The copayment exemption was beneficial in promoting evacuees' health. The reduced copayment for those aged ≥ 70 year olds increased the number of outpatient visits (Shigeoka 2013 ) and improved their mental health (Nishi et al. 2012) . When the copayment exemption for evacuees ended, they may have been reluctant to attend health facilities, and their health status may subsequently have worsened. Improvements in their social capital could conceivably mitigate such problems. For example, previous research showed that community-level social capital mitigated the impact of housing damage on cognitive decline (Hikichi et al. 2018) . Hasegawa et al. (2018) reported that social capital enhanced health consultations, as well as disaster preparedness, after the Fukushima disaster.
This study had some limitations. First, we did not include an analysis of data at the level of the individual. Such analyses would enable a more in-depth understanding of the relationship between evacuation and health status. Second, we analyzed only NHI health insurance data. Thus, the data do not include employed citizens and citizens aged ≥ 75 years, and the results are not applicable to the whole population. Third, we did not stratify the data according to specific diagnoses. Analyses based on diagnostic groups would shed light on the types of diseases related closely to evacuation. Future studies are needed that include individual-level analyses and diagnostic-based data.
Despite these limitations, this study highlights the urgent need for improving the health status of evacuees and for caution in lifting exemptions from copayment.
